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ABSTRACT-Conservationists and managers mention grassland restorations as a conservation strategy to 
reverse the decline of grassland bird populations in the Great Plains. In the Rainwater Basin Region of south-
central Nebraska, state and federal resource agencies have used grassland restorations to protect wetlands from 
sedimentation and agrichemical runoff. These grassland restorations may also provide important habitat for 
breeding grassland birds. In this paper, we describe the abundance, composition, nesting success, and habitat 
requirements of breeding birds in grassland restorations in the Rainwater Basin Region. We observed 14 grass-
land bird species in 12 grassland restorations. The most abundant species were dickcissels (Spiza americana), 
grasshopper sparrows (Ammodramus savannarum), and bobolinks (Dolichonyx oryzivorus). We found a total of 
84 nests composed of II species in restorations. Dickcissels and grasshopper sparrows accounted for 77% of all 
nests found. Nest success was 31% (26 nests), and the major cause of nest loss was predation, which accounted 
for 66% (38 nests) of all nest failures. The occurrence of 10 of the species in grassland restorations was influ-
enced by a variety of vegetation variables. Grassland bird species have benefited from grassland restorations in 
the Rainwater Basin Region. Conservation strategies for grassland birds in the Rainwater Basin Region should 
continue to focus on restoring marginal croplands back to grasslands. 
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INTRODUCTION 
Throughout some regions of North America, grass-
land habitat has declined by as much 99.9%, with most of 
these declines due to habitat loss and degradation (Sam-
son and Knopf 1994). Consequently, grassland birds have 
exhibited more widespread and consistent population de-
clines than any other North American bird guild (Samson 
and Knopf 1994). From 1966 to 2005, 64% of grassland 
lCurrent address: U.S. Fish and Wildlife Service, Ecological Ser-
vices, 101 Park DeVille Drive, Suite A, Columbia, MO 65203 
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bird species in North America exhibited significantly 
negative population trends, while only 7% exhibited 
significantly positive trends (Sauer et al. 2005). Because 
few native grassland remnants remain in many regions of 
North America, especially in the midwestern and eastern 
portions, effective grassland bird conservation requires 
protecting and enhancing remaining native grasslands as 
well as creating and restoring grasslands. Herkert (1991) 
suggested that grassland restoration offers a promis-
ing avenue for reversing the decline in grassland birds. 
Moreover, grassland restoration has become increasingly 
important for endemic grassland birds and is one of the 
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Figure 1. This study was conducted in 2002-2003 on 12 grassland restorations located in the Rainwater Basin Region, which 
encompasses 17 counties in south-central Nebraska. 
best options for long-term viability of this guild (Vickery 
et al. 1999). However, Herkert and Knopf(1998) noted the 
lack of research examining the effects of grassland resto-
ration, enhancement, and creation on grassland birds. 
In the Rainwater Basin Region (RWB) of south-cen-
tral Nebraska, restoration of grassland habitat adjacent 
to wetlands has been a major conservation goal (Gabig 
2000). During the last lO to 15 years, the US. Fish and 
Wildlife Service, Nebraska Game and Parks Commis-
sion, and other cooperators restored between 1,000 and 
1,500 ha of grassland habitat within the RWB (J. Drahota, 
US. Fish and Wildlife Service, Rainwater Basin Wetland 
Management District Office, pers. comm. 2004). Al-
though the primary goal of restoring grassland habitat ad-
jacent to wetlands in the RWB is to reduce sedimentation 
and agrichemical runoff into the wetlands, these grass-
land restorations may also provide important habitats for 
breeding grassland birds. Therefore, our objectives were 
to describe the abundance, composition, and nesting suc-
cess of breeding grassland birds in RWB restorations and 
to evaluate the influence of vegetation characteristics on 
grassland bird use of these restorations. 
METHODS 
Study Area 
The Rainwater Basin Region occupies 6,720 km2 in 17 
counties of south-central Nebraska (Fig. 1). The RWB is 
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divided into the eastern rainwater basin wetlands, which 
are located east of Kearney, NE, and the western rain-
water basin wetlands located west of Kearney, NE. The 
climate ofthe RWB is dry to subhumid, with precipitation 
ranging from 45 cm in the western basins to 60 cm in the 
eastern basins (Pederson et al. 1989). The topography is 
flat to gently rolling loess plains with elevations ranging 
from 455 m in the eastern basins to 758 m in the western 
basins. 
We conducted the study on 12 grassland restorations 
(x size = 34.6 ha, SE = 3.63, range = 17-57 ha) located in 
the Atlanta Waterfowl Production Area (WPA), Prairie 
Dog WPA, Cottonwood WPA, Massie WPA, Springer 
WPA, Jensen WPA, Peterson WPA, Quadhammer WPA, 
Verona WPA, Hultine WPA, McMurtrey WPA, and Mal-
lard Haven WPA. All WPAs were managed by the US. 
Fish and Wildlife Service. The restorations ranged in age 
from 5 to 20 years. Older restorations (15-20 years old) 
had been planted with warm-season grass seed mixes that 
were primarily composed of big bluestem (Andropogon 
gerardii), indiangrass (Sorghastrum nutans), little blue-
stem (Schizachyrium scoparium), switchgrass (Panicum 
virgatum), and sideoats grama (Bouteloua curtipendula). 
This seed mix is similar to warm-season grass mixes used 
for the Conservation Reserve Program (CRP), a long-term 
cropland reduction program. More recent restorations (5-
10 years old) had been planted with more diverse seed 
mixes that included the major grass species of the earlier 
restorations, along with an additional 10 to 50 species of 
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grasses and forbs. Common species in the more recent 
restorations included the same grass species found in the 
older restorations, as well as several forb species such as 
goldenrods (Solidago spp.), prairie-clovers (Dalea spp.), 
sunflowers (Helianthus spp.), and milkweeds (Asclepias 
spp.). Although many of these restorations have been 
managed in the past using prescribed fire, grazing, and 
haying, all restorations were left unaltered the year prior 
to initiating the study and throughout the two years of the 
study. 
Bird Censuses 
We conducted three bird census counts in each of 
the restorations from mid-May through late July in 2002 
and 2003. Depending on the size of the restoration, we 
established either one or two 150-m-long by 100-m-wide 
transects for conducting censuses. Transects were lo-
cated ;::.100 m from any edge to avoid edge effects and 
;::.250 m from the other transect. While walking along 
each transect, we counted all birds seen or heard within 
50 m of each transect. Birds flying over transects were 
not counted unless they landed within the line mark-
ing the transect area or were species actively foraging 
above restorations (i.e., swallows and hawks). We realize 
that detection rates can differ by species and by habitat. 
However, we assumed that detection rates were reason-
ably consistent among different restorations and habitat 
types because we used a conservative distance (i.e., 50 m 
half-width) for locating birds (Cunningham and Johnson 
2006). Moreover, Diefenbach et al. (2003) reported that, 
on average, 93% of grassland birds can be located at dis-
tances <50 m. Therefore, we are confident that we located 
most grassland birds within 50 m. 
Nest Searching and Monitoring 
During each year, we conducted nest searches two to 
three times on a rotational basis from late May to late July 
within the 4 ha nest plots that were established within the 
center of each restoration to reduce the effects of edge on 
nest success. Nest searches were employed using three 
methods: (1) observation of birds engaged in behaviors in-
dicative of nest building, incubating eggs, or presence of 
nestlings (Martin and Geupel 1993; Giuliano and Daves 
2002), (2) systematic search of nest plots by observers 
placed 10 m apart, and (3) use of rope dragging to flush 
females from nests (Wiens 1969). We located additional 
nests incidentally while collecting other data. Nest search-
ing was generally conducted throughout the day. 
To relocate nests, we recorded Universal Transverse 
Mercator (UTM) coordinates for each nest location using 
a global positioning system unit. We also placed flags 25 
m north and 25 m east of each nest to assist with reloca-
tion of nests (Martin and Geupel 1993). We monitored 
nests every 3 to 5 days until nest fate was known, and 
we considered nests successful when greater than one 
young fledged, failed when no young fledged, or undeter-
mined when outcome was unknown. Nest failures were 
attributed to predation when nest contents (i.e., eggs and 
nestlings) were removed. We considered nests abandoned 
when the nest contents remained unchanged and adults 
were not present after three successive visits. We attrib-
uted nest failures to brown-headed cowbird (see Table 1 
for scientific names) parasitism when nest abandonment 
occurred after a cowbird egg was deposited in the nest, 
when only cowbird eggs remained in the nest, or when 
only cowbird young were fledged. We attributed nest 
failure to weather when nests were found abandoned or 
destroyed following a storm. For species with at least 10 
nests, we used the Mayfield (1975) method to calculate 
nest success. 
Vegetation Sampling 
We recorded vegetation characteristics at four sam-
pling points at intervals of 30 m, 60 m, 90 m, and 120 m 
along each census transect and at each nest site. Sampling 
points were at least 10 m from the census transect to avoid 
possible effects of foot traffic on vegetation structure. We 
sampled vegetation three times (early June, early July, 
and early August, relating to each bird survey period) 
during each year and at nests soon after nest fate was 
known. We estimated canopy cover of grasses, forbs, 
shrubs, dead material, and bare ground using a 20 x 50 
cm sampling frame (Daubenmire 1959). Litter depth and 
maximum vegetative height of live and standing dead 
vegetation were also measured within each sampling 
frame. To measure the vertical density of the vegetation, 
we recorded visual obstruction from the four cardinal 
directions at a height of 1 m aboveground and 4 m from a 
Robel pole (Robel et al. 1970). To record vegetation char-
acteristics of each nest, we placed the sampling frame 
over the nest and the Robel pole next to or on the nest. 
Statistical Analysis 
We determined total bird and individual species 
relative abundances by averaging count data for the three 
surveys during each year. We used a I-way analysis of 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
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variance to compare vegetation characteristics between 
successful and unsuccessful nests of individual species 
with >10 nests (dickcissels and grasshopper sparrows). 
Due to small sample sizes within years, we pooled the 
nest success data for each species across years. 
We used multiple logistic regression to develop pre-
dictive models for the presence of individual grassland 
bird species in restored grasslands based on vegetation 
characteristics (i.e., mean and coefficient of varia-
tion [CV] of forb cover, grass cover, sedge cover, bare 
ground, dead material, visual obstruction, litter depth, 
and maximum vegetation height). Logistic regression is 
an appropriate analysis because the variability within the 
grassland restorations (e.g., different age of restorations 
and habitat types) provides the necessary contrasts for as-
sessing habitat associations. Bird species occurrence for 
transects was defined as the presence of one individual 
during at least one of the three surveys. Because the goal 
of this analysis was to assess the association between the 
occurrence of individual grassland bird species and veg-
etation characteristics of restorations, we combined years 
for these analyses. We included only common grassland 
birds (i.e., occurring in >5% of individual surveys) in 
these analyses. We used univariate tests to reduce the 
number of variables for inclusion in multiple logistic 
regression models with P < 0.25 as inclusion criteria 
(Hosmer and Lemeshow 1989). Variables that met the 
inclusion criteria were included in a backward-elimina-
tion routine to create the best multivariate model for each 
individual bird species' presence. With this routine, a 
variable was eliminated from the model if its observed 
significance level for the regression coefficient (based on 
Wald chi-square significance) was P > 0.05. We used the 
Hosmer and Lemeshow (1989) test to assess goodness-of-
fit of the model. 
RESULTS 
Grassland Bird Community 
Fourteen grassland bird species were recorded in 
grassland restorations in the RWB during the two-year 
study (Table 1). Mean abundance in grassland restora-
tions was 4.35 birds/transect ± 0.50 (SE) and 3.65 birds/ 
transect ± 0.67 in 2002 and 2003, respectively, and mean 
species richness was 3.92 species/transect ± 0.31 and 3.50 
species/transect ± 0.38 in 2002 and 2003, respectively. 
Dickcissels, grasshopper sparrows, and bobolinks were 
the most abundant birds in restorations, accounting for 
77% of the birds observed. Other common grassland 
© 2007 Center for Great Plains Studies, University of Nebraska- Lincoln 
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birds in restorations included brown-headed cowbirds, 
eastern kingbirds, American goldfinches, red-winged 
blackbirds, and western meadowlarks, which accounted 
for 18% of the birds observed in restorations (Table 1). 
Nesting Success 
Eleven species nested in the grassland restorations 
during the study. Dickcissels and grasshopper sparrows 
were the most common species nesting in restorations, 
accounting for 49 and 16 nests of the 84 total nests 
found during the study, respectively. Other nesting spe-
cies included bobolinks, eastern kingbirds, red-winged 
blackbirds, ring-necked pheasants (Phasianus colchicus), 
common yellowthroats, western meadowlarks, mourning 
doves, and upland sandpipers. Thirty-one percent of the 
nests fledged at least one young that was not a cowbird 
young. The major cause of nest loss was predation, 
which accounted for 66% of all nest failures. The overall 
cowbird parasitism rate was 46%, which accounted for 
24% of all nest failures. The apparent nest success for 
dickcissels and grasshopper sparrows was 69% and 56%, 
respectively, while Mayfield nest success for dickcissels 
and grasshopper sparrows was 10.5% and 38.l%, respec-
tively. 
Most vegetation characteristics at nest sites for the 
two most common grassland birds nesting in restorations 
did not differ between successful and unsuccessful nests. 
For dickcissel nests, no vegetation characteristics differed 
between successful and unsuccessful nests, while for 
grasshopper sparrows, only visual obstruction differed 
between successful and unsuccessful nests (Table 2). Un-
successful grasshopper sparrow nests had greater visual 
obstruction values than successful nests. 
Influence of Vegetation Characteristics on 
Grassland Bird Occurrence 
There was considerable variation among grassland 
bird species in terms of the influence of vegetation vari-
ables on their presence in RWB grassland restorations. 
Ten of the 12 most common grassland bird species had 
significant predictive models (Table 3). Occurrence of 
seven of the species was associated with a single pre-
dictor variable. Presence of grasshopper sparrows and 
red-winged blackbirds was best predicted by the percent-
age of forb cover. Grasshopper sparrow occurrence was 
predicted by decreasing percentage of forb cover with 
the highest probability of occurrence (70%-80%) at low 
forb cover (0%-10%) (Fig. 2A). Red-winged blackbird 
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TABLE 1 
ABUNDANCE OF BIRDS IN GRASSLAND RESTORATIONS SURROUNDING WETLANDS 
IN THE RAINWATER BASIN REGION, NEBRASKA, 2002-2003 
2002 2003 
Species Mean SE Mean 
Dickcissel (Spiza americana)a 1.54 0.26 1.11 
Grasshopper sparrow (Ammodramus savannarum)a 1.10 0.23 1.18 
Bobolink (Dolichonyx oryzivorus)a 0.49 0.30 0.72 
Brown-headed cowbird (Molothrus ater) 0.29 0.17 0.12 
Eastern kingbird (Tyrannus tyrannus) 0.14 0.09 0.12 
American goldfinch (Carduelis tristis) 0.22 0.19 0.04 
Red-winged blackbird (Agelaius phoeniceus) 0.14 0.14 0.11 
Western meadowlark (Sturnella neglecta)" 0.18 0.08 0.01 
Common yellowthroat (Geothlypis trichas) 0.10 0.08 0.06 
Sedge wren (Cistothorus platensis) 0.00 0.00 0.10 
Upland sandpiper (Bartramia longicauda)a 0.03 0.03 0.03 
Mourning dove (Zenaida macroura) 0.08 0.06 0.00 
207 
SE 
0.35 
0.32 
0.47 
0.11 
0.06 
0.03 
0.06 
0.01 
0.06 
0.06 
0.03 
0.00 
Note: Abundance measured as number of birds per transect (mean and standard error of the mean, or SE) that occurred 
in >1% of all surveys. 
aGrassland obligate species 
TABLE 2 
NESTING SUCCESS AND VEGETATION CHARACTERISTICS FOR DICKCISSELS AND GRASSHOPPER 
SPARROWS IN GRASSLAND RESTORATIONS NEAR WETLANDS 
IN THE RAINWATER BASIN REGION, NEBRASKA, 2002-2003 
Dickcissel Grasshopper sparrow 
Successful nests Unsuccessful nests Successful nests Unsuccessful nests 
(n= 12) (n = 36) (n =8) (n = 6) 
Vegetation characteristic Mean SE Mean SE p' Mean SE Mean SE P 
Forb cover (%) 13.13 2.81 17.85 2.94 0.99 12.50 3.98 5.00 1.12 0.08 
Grass cover (%) 60.83 3.36 53.61 3.95 0.50 51.25 6.80 58.33 5.58 0.50 
Sedge cover (%) 2.50 0.00 2.50 0.00 1.00 2.50 0.00 2.50 0.00 1.00 
Dead material (%) 43.33 2.97 47.22 2.36 0.47 66.25 5.49 56.67 3.07 0.91 
Bare ground cover (%) 8.54 2.76 4.86 0.57 0.39 6.25 0.82 5.83 1.05 0.76 
Shrub cover (%) 2.50 0.00 14.86 4.83 0.16 0.00 0.00 0.00 0.00 
Visual obstruction (cm) 33.75 3.81 42.47 2.30 0.14 11.25 1.25 17.50 0.65 0.002 
Litter depth (cm) 0.55 0.04 0.72 0.05 0.06 0.56 0.06 0.60 0.04 0.70 
Maximum vegetation 69.44 5.52 83.16 3.04 0.06 47.28 2.32 55.75 4.86 0.11 
height (cm) 
"P = P-value for nest fate effects from I-way analysis of variance. 
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TABLE 3 
VEGETATION MODELS THAT BEST PREDICTED GRASSLAND BIRD PRESENCE 
IN GRASSLAND RESTORATIONS IN THE RAINWATER BASIN REGION, NEBRASKA, 2002-2003 
Species Fitted logistic regression model pb 
Dickcissel 
Grasshopper sparrow 
Bobolink 
-1.14 + 0.08 (dead plant material CY") 
1.61 - 0.08 (forb cover) 
0.32 
0.50 
0.42 
0.87 
0.91 
0.84 
0.87 
0.99 
0.67 
0.99 
-3.98 + 0.10 (grass cover) - 0.13 (visual obstruction) 
Eastern kingbird 
Western meadowlark 
Brown-headed cowbird 
American goldfinch 
Common yellowthroat 
Red-winged blackbird 
Sedge wren 
-4.03 + 0.08 (visual obstruction) + 3.01 (litter depth) - 0.06 (grass cover CV) 
1.67 - 0.07 (vegetation height) 
-3.95 + 0.06 (litter depth CV) 
-4.07 + 0.07 (visual obstruction) 
-2.62 + 0.16 (visual obstruction) + 0.08 (forb cover) - 0.27 (grass cover) 
-4.72 + 0.12 (forb cover) 
-17.41 + 0.19 (vegetation height) 
Upland sandpiper No significant factor found 
Mourning dove No significant factor found 
Note: Variables were selected from a set of 16 vegetation variables using a backward-elimination routine. 
acv = coefficient of variation. 
bp = P-value for Hosmer and Lemeshow (1989) goodness-of-fit test of overall model. 
presence increased with forb cover, reaching 50% inci-
dence at 40% forb cover (Fig. 2B). Maximum vegetation 
height was the best predictor for presence of western 
meadowlarks and sedge wrens (Table 3). The presence of 
western meadowlarks increased with decreasing vegeta-
tion height (Fig. 2C), while the presence of sedge wrens 
increased with increasing vegetation height (Fig. 2D). 
Dickcissel presence was positively associated with in-
creasing patchiness of dead material (Fig. 2E). The pres-
ence of brown-headed cowbirds in restored grasslands 
was associated with increasing patchiness of litter depth, 
and the presence of American goldfinches was associated 
with increasing visual obstruction. 
Bobolinks were influenced by two predictor vari-
ables, and eastern kingbirds and common yellowthroats 
were influenced by three predictor variables (Table 3). 
Presence of bobolinks was best predicted by increas-
ing percentage of grass cover (Fig. 2F) and decreasing 
visual obstruction. Eastern kingbird presence was best 
predicted by increasing visual obstruction and litter depth 
and decreasing percentage of grass cover. The presence 
of common yellowthroats was best predicted by increas-
ing visual obstruction and percentage of forb cover and 
decreasing percentage of grass cover (Table 3). 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
DISCUSSION 
In general, restored grasslands in the RWB provided 
habitat for a wide variety of breeding grassland birds. We 
recorded 14 grassland species using grassland restora-
tions, and many of these species (e.g., grasshopper spar-
rows, dickcissels, bobolinks, red-winged blackbirds, and 
western meadowlarks) have exhibited declining popula-
tions in Nebraska and the North American continent, 
according to North American Breeding Bird Survey data 
for the last 40 years (Sauer et al. 2005). Moreover, the 
habitat provided by these restorations is also important to 
many grassland species of greatest conservation concern 
in the Midwest. Based on conservation priority rankings 
by Herkert et al. (1996), five of the top nine grassland bird 
species of conservation concern in the Midwest occurred 
on our study sites: dickcissels, bobolinks, sedge wrens, 
grasshopper sparrows, and upland sandpipers. 
Given that the RWB is an agriculture-dominated 
landscape in which agricultural fields provide minimal 
habitat for grassland birds, these grassland restorations 
provide critical habitat for grassland birds. Although 
we did not include row crops in our bird surveys, other 
studies have documented their impoverished value for 
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Figure 2. Probability of occurrence for (A) grasshopper sparrows, (B) red-winged blackbirds, (C) western meadowlarks, (D) sedge 
wrens, (E) dickcissels, and (F) bobolinks in grassland restorations in the Rainwater Basin Region in south-central Nebraska, as 
predicted by logistic regression models for vegetation variables. Dashed lines indicate 95% confidence intervals for predicted 
probabilities. 
grassland bird species during the breeding season (Best 
et al. 1997; Patterson and Best 1996). For example, Best 
et al. (1997) found that overall breeding bird abundance 
levels were 1.4 to 10.5 times greater in eRP fields than 
row crops throughout the Midwest. Moreover, they found 
three bird species of conservation concern occurred on 
eRP fields compared with none on row crops. 
Our study's apparent nest success (31%) for grassland 
birds in RWB grassland restorations was comparable to 
the apparent nest success reported for grassland birds in 
eRP fields throughout the Midwest. Best et al. (1997) 
reported an overall apparent nest success of 40% for eRP 
fields in six midwestern states (Iowa, Indiana, Kansas, 
Michigan, Missouri, and Nebraska), but for individual 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
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states, the apparent nest success ranged from 23% to 
69%. Based on McCoy's (1996) estimate that a nest suc-
cess rate of 35% for eight grassland birds in CRP fields 
in Missouri would produce a positive intrinsic population 
growth rate, Best et al. (1997) suggested that the overall 
40% nest success rate for their study indicates that CRP 
fields contribute positively to grassland bird conserva-
tion. Similarly, grassland restorations in the RWB likely 
have a positive influence on population growth for at 
least some of the grassland birds nesting in south-central 
Nebraska. For example, grasshopper sparrows, which had 
an apparent nest success rate of 57%, may greatly benefit 
from grassland restorations in the RWB. 
To further assess the benefits of RWB grassland res-
torations, we compared our Mayfield nest success rates 
for dickcissels and grasshopper sparrows with those of 
other grassland restorations. For dickcissels, our Mayfield 
nest success value (10.5%) was similar to CRP fields in 
Iowa (14%; Patterson and Best 1996) and lower than those 
reported for CRP fields in Nebraska (24%; Negus 2006) 
and Missouri (27%-29%; McCoy et al. 2001). For grass-
hopper sparrows, our Mayfield nest success value (38.1%) 
was comparable to eRP fields in Nebraska (37%; Negus 
2006), but slightly higher than CRP fields in Iowa (30%; 
Patterson and Best 1996) and slightly lower than CRP 
fields in Missouri (42%-49%; McCoy et al. 2001). 
Brown-headed cowbird nest parasitism had an impact 
on nest success of grassland birds in RWB grassland 
restorations. Nest losses due to cowbird parasitism were 
24%, which is much higher than nest losses attributed 
to cowbirds in CRP fields (3%; Best et al. 1997). In tall-
grass prairies in Kansas and Oklahoma, Jensen and 
Cully (2005) reported a parasitism rate similar to our 
study (51% vs. 46%), but they reported a nest desertion 
rate of 5%. Consequently, the high nest loss to cowbird 
parasitism for our study is perplexing. However, the high 
incidence of cowbird parasitism in RWB grassland resto-
rations was likely influenced by the small size of many of 
the restorations and the presence of eastern redcedar (Ju-
niperus virginiana) windbreaks along the edges of many 
of the restorations, which provide elevated perches for 
brown-headed cowbirds to search for nests (Shaffer et al. 
2003). Jensen and Cully (2005) reported higher parasit-
ism rates for dickcissels nesting near wooded edges (:::;100 
m) compared to the interior of the prairie (>lOO m). 
In RWB grassland restorations, the presence of dick-
cissels was positively associated with the percentage of 
dead material cover coefficient of variation, which may 
indicate that dickcissels prefer those restorations that 
have patchy areas of dead material. Dickcissels may pre-
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fer restorations with patchy clumps of dead grass because 
they provide suitable habitat for nesting (i.e., clumps of 
dead grass to construct nests) and foraging (i.e., patches 
of bare ground to search for ground beetles and other 
insect prey) (J. Utrup, personal observation). 
Grasshopper sparrow habitat selection in the Great 
Plains appears to be influenced by the amount of grass 
cover in grasslands. In particular, grasshopper sparrow 
abundances may be influenced by the amount of exotic 
grasses in grasslands. In some instances, it appears that 
grasshopper sparrows actually prefer grasslands domi-
nated by exotic grasses. For example, Wilson and Belcher 
(1989) found that the grasshopper sparrows were more 
abundant in exotic grass than native bunchgrass habitats 
in Manitoba, and Madden et al. (2000) found that the oc-
currence of grasshopper sparrows in mixed-grass prairie 
in North Dakota increased with increased frequency of 
exotic grasses. In our study, many of the restorations had 
large patches of smooth brome grass (Bromus inermis), 
a cool-season exotic grass, which was likely due to the 
lack of chemical or mechanical site preparation prior to 
planting the restoration or to the presence of smooth brome 
grass in the seed bank. Grasshopper sparrow occurrence 
in our restorations was best predicted by declining forb 
cover, which possibly indicates that grasshopper sparrows 
showed a preference for restorations composed primarily 
of warm-season grasses or cool-season exotic grasses. 
Although bobolink habitat-use patterns vary through-
out their range (Martin and Gavin 1995), they tend to 
prefer fields that have high grass cover. In New York, 
higher densities of bobolinks occurred in fields with high 
litter cover and high grass-to-Iegume ratios (Bollinger 
1988; Bollinger and Gavin 1992). Negus (2006) found 
that bobolink habitat-use of CRP fields in Nebraska was 
associated with increasing grass cover. Additionally, 
Madden et al. (2000) suggested that bobolinks inhabiting 
mixed-grass prairie in North Dakota exhibited a strong 
preference for exotic grasses (i.e., smooth brome and 
quack grass [Agropyron repens]). In RWB grassland res-
torations, bobolinks were more likely to be seen in areas 
with high percentages of grass cover. Similar to grasshop-
per sparrow habitat-use in RWB restorations, bobolinks 
appeared to have a stronger affinity for those restorations 
dominated by warm-season grasses and cool-season 
exotic grasses. 
In contrast to grasshopper sparrows and bobolinks, 
the presence of common yellowthroats and red-winged 
blackbirds in RWB grassland restorations appeared to be 
influenced by forb cover. For both of these species, the 
availability of forb species is important for providing a 
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substrate for nest placement as well as providing adequate 
concealment for the nests (Yasukawa and Searcy 1995; 
Guzy and Ritchison 1999). The presence of sedge wrens 
and western meadowlarks was influenced by vegetation 
height in RWB grassland restorations. Sedge wren pres-
ence in RWB grassland restorations was best predicted by 
increasing vegetation height. Several other studies have 
found a relationship between tall vegetation and sedge 
wren abundance (Niemi and Hanowski 1984; Niemi 1985; 
Sample 1989). In contrast, the presence of western mead-
owlarks was influenced by decreasing vegetation height. 
I n Iowa CRP fields, western meadowlark abundance was 
negatively correlated with vertical vegetation cover, but 
positively correlated with vertical patchiness (Patterson 
and Best 1996). Patterson and Best (1996) suggested that 
western meadowlarks exhibited a positive relationship 
with vertical patchiness because those CRP fields with 
high vertical patchiness contained patches of shorter 
vegetation that western meadowlarks prefer for nesting. 
Conservation Implications 
In the Rainwater Basin Region, grassland restorations 
are beneficial to grassland birds of management concern 
by providing breeding habitat. Because few native grass-
lands remain in the RWB, conservation and management 
strategies for grassland birds in the RWB will need to 
continue to focus on restoring marginal croplands back 
to grasslands. As evidenced by the success of CRP in 
increasing or at least stabilizing some grassland bird 
species' population trends in some regions of the United 
States (Igl and Johnson 1995; Herkert 1998; Ryan et al. 
1998), restored grasslands can contribute to conservation 
and management efforts of many grassland bird species, 
including species of high conservation concern. However, 
the success of restorations will depend on whether these 
habitats act as sources or sinks for grassland bird popula-
tions (McCoy et al. 1999). Generally, smaller grassland 
patches are more likely to act as sinks because of increased 
predation and cowbird parasitism due to closeness to field 
edges (Johnson and Temple 1990; Johnson 2001). Ad-
ditionally, size of restorations will likely influence grass-
land bird abundances because certain grassland birds are 
area-sensitive species (Johnson and Igl 2001). Unfortu-
nately, there are very few restored grasslands in the RWB 
that are large enough to have core areas not affected by 
edge, suggesting that at least some of these grasslands 
may function as sink habitat for at least some grassland 
bird species. Consequently, future grassland restorations 
in the RWB should focus on restoring large areas instead 
of small, fragmented areas that likely will have only a 
minimal impact on grassland bird conservation. 
The results from the predictive models show the wide 
range of habitat needs for grassland birds inhabiting 
restored grasslands in the RWB. Moreover, the models 
reveal the challenges of managing habitat for these spe-
cies. Specifically, how do managers provide habitat for one 
species without negatively impacting another species? In 
the RWB, common yellow throats and red-winged black-
birds are positively associated with the amount of forbs in 
a restoration, while grasshopper sparrows are negatively 
associated with the amount offorbs. Additionally, western 
meadowlarks are negatively associated with vegetation 
height and sedge wrens are positively associated with 
vegetation height. Management and conservation efforts 
on RWB grassland restorations certainly need to be flex-
ible to accommodate the habitat needs of these species, but 
managers will need to prioritize management decisions 
based on the habitat needs of the most imperiled species. 
For example, grasshopper sparrows have exhibited the 
greatest decline of grassland birds in the RWB (Sauer et 
al. 2005). Consequently, managers may need to use pre-
scribed fire more frequently on some of the restorations to 
maintain more grass-dominated restorations for grasshoP-
per sparrows and other species that prefer these habitats. 
Additionally, managers should also base their management 
decisions on landscape-level characteristics of the restora-
tion. In particular, managers should consider both the prox-
imity of restored grasslands to other grasslands and size of 
restored grasslands when making management decisions. 
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